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CORRELATION  OF  LABOKATOR1  3 loTRlT.l.Kl'J 

OF  HAM-HADE  FIBEr. 


i:;  vrj&wim  tie  abrasion  resistance 
FAHP.TC3  AND  BLENDS 


Introduction 

Abrasion  resistance  iG  a  function  of  tr.cchir.e  factors  such  as  speod, 
nature  of  the  o  bra  da  .i.  torsion  and  uronauro;  fabric  factors  each  as 
v/ork-to-rvyture  of  the  copponent  !  LLern  ar.d  goonotry  of  the  yarns  and 
fabric;  and  the  interaction  l*ctvocn  the  r.:A.;.i«*e  and  the  fabric ,  which 
includes  rveh  Ihitp c  as  friction,  noistuve  ar.d  temperature  (l,  2). 

Recently,  a  significant  amount  of  attention  ha**  been  givon  to  tho  abrasion 
characteristics  of  rar.-s.odc  fiber  fabric.*  and  blonds  us  a  result  of  tho 
important  functional  properties  v.htch  such  fabrics  offer  in  areas  such 
as  absorption  of  thorns!  emrgy,  11.  o  real r  tance,  chemical  resistance 
rnd  "comfort"  in  use  0)»  -he  first  systematic  study  of  tho  abrasion 
character* £  tics  of  nar.-rade  fibs  s  wag  probably  that  of  Hamburger  (lj) 
who  showed  that  a  factor  governing  the  abrasion  resistance  of  different 
fiber  species  v;ae  vork-to-rapture,  and  who  vzs  able  to  obtain  an  excellent 
relationship  between  '  durability  coefficients*  .and  “energy  coefficients* 
for  a  nurbsr  of  diflcrcnt  materials* 

At  present,  a  study  ic  underway  in  our  laboratory  of  abrasion 
resistance  of  15  prototype  fabrics  rucresen^mr  ainrln  fiheu 
ana  Diemr.o/  12  different  fibora,  t*he  puipore  of  evaluating  thi3  group 
of  fabrics  U  to  obtain,  if  pusciolcj  a  pattern  of  pcrfo:r.ancc  which  nay 
bo  relate l It*  to  inherent  properties  such  as  vork-to-rupturo,  inciting  point, 
and  friction.  Thbc  particular  report  presents  an  interesting  by-product 
of  thla  study,  which  demonstrates  the  relatcdness  of  some  laboratory 
instruments  for  evaluating  wcar.and  the  consistency  with  theories  of 
wear,  which  have  been  established j'prinnrily  for  netals,  but  have  bean 
found  applicable  to  viscoelastic  materials  auso. 

Expcrircntal  Proceduro 

The  fabrics  selected  for  this  study  included  most  of  tho  fiber  classes 
defined  by  the  Federal  Trade  Comission  such  as:  nylon,  polyester, 
acrylic,  ronccrylic,  nytril,  viscose  and  triacetate.  In  addition,  they 
represented  both  filament  and  spun  yarn  constructions  in  blonds  and  100/C 
single  fiber  composition.  Several  weave  types  and  fabric  veightr  wero 
used.  The  fabric  camples  were  all  tested  with  the  bach  adjacent  to  tho 
abradant.  This  procedure  was  followed  in  older  to  make  the  results 
consistent  with  those  obtained  on  the  standard  0,6  os.  carded  cotton 
sateen,  which  is  normally  worn  with  tho  bad  of  tho  fabric  to  tho  outside 
of  the. garment#  In  the  case  of  10  of  the  fabrics,  which  were  cf  a  plain 
weave,  the  reversal  fron  face  to  back  would  make  no  difference  since 
these  constructions  aro  identical  on  both  sides.  In  tho  case  of  tho 
other  5  fabrics,  thre.o  of  which  wore  satoens  and  two  twills,  tho  reversal 
would  make  a  difference  in  level  of  abrasion  obtained.  However,  sin-'C 
all  military  satoom  .ire  worn  with  the  back  of  the  inbnc  to  the  cot  side, 
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this  procedure  ic  logical  end  normal  for  tho  throe  sateens.  For  the  two 
twills  then,  recognition  should  bo  givon  to  this  reversal  in  interpreting 
the  abrasion  results  obtained.  The  fabrics  were  evaluated  in  tho  warp 
direction  only,  on  the  S’oll,  ITT,  and  S,.nd  Abraders .  On  tho  Tab  r  abrader 
the  action  is  multidirectional,  so  that  both  yarn  systems  wore  subjected 
to  tho  abrasive  action. 

Tho  mechanical  action  of  the*  four  abrasion  machines  has  boon  described 
provlously  (5,  C ,  &7).  A  sketch  rurwarisin^  the  essential  oifferonsep 
in  mcchr  nical  action  of  the  four  machines  is  given  in  Figure  1. 

I 

The  notations  "adhesive "  and  "abrasive wear  in  Figure  1  refer  to 
the  tvo  theories  for  the  wear  of  notals  developed  by  Archard  and  Ilabinowics, 
which  arc*  applicable  in  rone  respects  to  textile  fabrics.  Adhesive*  wear 
is  a  typo  of  wear  action  uhich  results  from  interactions  at  the  surface 
of  the  material  being  abraded  and  the  abrade nt.  The  forces  involved  we 
molecular  in  nature — leading  to  the  formation  of  molecular  velds  which 
aro  sheared  by  relative  motion  of  tho  surface,  producing  wear  particles. 
Since  this  ic  a  surface  phenomenon,  adhesive  wear  is  markedly  reduced 
by  the  nrcscnce  of  bouijdary  lubricants.  Abrasivo  wear,  on  tho  other  hand, 
involves  an  actual  penetration  through  the  surface  of  the  material,  boing 
abraded  by  an  abradant  particle.  Rolativo  motion  then  results  in  tho 
gouging  or  nlouging  out  of  material.  Since  the  surfoco  of  tho  material 
io  penotrated  by  the  abradant,  thic  type  of  uear  is  relatively  insensitive 
to  tho  presence  of  lubricants.  Studies  mads  on  tho  wear  course  at  Fort 
Let  and  cer  e  practical  wear  trials  indicate  tnat  tnc  type  o:  ncia  wear 
of  most  concern  to  tho  Army  io  "abrasive".  On  tho  other  hand,  there  are 
special  areas,  cuch  as  in  the  cuffs  of  trousers,  where  wear  is  probably 
predominantly  adhesive. 

Provious  work  dona  in  our  laboratories  demonstrated  that  the  Stoll 
and  BFT  abraders  ore  of  tho  adhesive  wear  producing  type,  and  results 
obtained  on  this  instrument  will  bo  considerably  influenced  by  the  presence 
or  abcenco  of  lubricants  on  tho  fabric  being  evaluated.  As  much  as  a  7- 
fold  incrcano  in  abrasion  life  on  thcro  machines  can  result  from  the 
application  of  a  relatively  small  amount  of  a  lubricating  type  finish  to 
a  fabric.  Tho  Taber  and  Sand  Abraders,  on  the  other  hand,  ere  cf  the 
abrasive  type.  In  both  instancoc,  abradant  particles  penotreto  tiurough 
tho  surfaco  of  tho  fabrio  being  abraded  and  gouge  out  fibrous  substance 
by  a  snapping  or  cutting  action.  In  both  of  these  instruments,  the 
presence  of  lubricant  in  the  fabric  has  little  effect  on  the  end  result 
obtained. 

Tho  ond-point  of  tosts  on  the  Stoll  arid  BFT  abraders  is  tho  number 
of  cycles  to  rupture.  This  io  an  objective)  end-point  ond  requires  no 
interpretation  on  the  part  of  tho  operator.  Tho  end-point  of  the  tosts 
on  the  Taber  and  Sand  abradors  is  tho  number  of  cycles  to  produce  a 
certain  predetermined  lovol  o''  pparont  damage  as  determined  by  visual 
examination.  This  is  a  subjit  t)ve  end-point  which  requiros  considerable 
inteipretation  on  the  part  of  tnc  operator.  Separate  studies  (6)  aro 


being  conducted  to  investigate  r’^toms  for  making  this  end-point  norc 
objective.  Accordingly,  the  values  reported  for  tho  Taber  and  Sand 
abraderr  have  relative  significance  only,  cincc  tho  absolute  magnitude 
of  the  cycler,  may  vary  depending  upon  'the  operator  and  the  level  bf 
damage  desired  for  the  particular  sequence  of  owr.jiles  being  run.  In 
this  particular  ot  ;dy,  the  evaluation  of  tho  end-point  was  mado  by  one 
operator  over  o  very  short  tins  span  and  every  effort  was  made  to  bo 
consistent  from  ssrplo-to-aanple,  j 

Results 


Complete  data  for  tho  abrasion  tests  aro  given  in  Table  I*  Particular 
attention  should  bo  given  to  the  variety  of  fiber  compositions,  tho 
range  in  weights  and  the  different  weave  types  employed.  The  scale  values 
for  the  different  test  instruxonts  is  worth  noting.  The  Stoll  results 
ranged  from  190  to  35,570  with  an  average  of  li570  cycles.  The  BFT  from 
120  to  16,6140  with  an  average  of  3560.  Taber  from  110  to  3900— 
average  of  lOljO.  Sand  from  9h0  to  8000-  -average  of  3750.  The  high 
values  fer  the  LFT  a:  i  Stoll  are  characteristic  of  fabrics  with  a 
lubricating  type  of  surface  f.vr.Lsh.  rumination  of  this  finish  by 
chloroform  extraction  vould  probably  reduce  tho  high  Stoll  and  BIT 
vcltics  to  a  much  lower  range.  Also  noteworthy  is  the  feet  tliat  the 
BfT  values  average  loss  tharj  the  Stoll.  This  is  a  result  of  the  more 
r*r»M  nr.nllflhlrm  nf  the  flor  M  r.do  nf  t.hn  BFT.  The  BFT  is  thus  lore 
economical  from  tho  standpoint  of  numb  r  of  samples  which  can  be 
run  per  unit  of  tins.  Likewise,  th'1  Taber  is  more  efficient  than  tho 
Sand  abradcr  from  this  standpoint.  Cn  tho  other  hand,  with  longer 
tiros  to  failure,  it  is  possible  to  obtain  rtore  precision  in  results 
with  &  larger  spread  among  ;; ample  averages.  Logarithmic  plots  of 
the  data  arc  presented  in  Figures  2  te  7,  inclusive*  Tho  closest 
agreement  is  obtained  in  the  plots  of  Tabor  vc  Sand  (Figure  2)  and 
Stoll  vs  BFT  (Figuro  3)*  This  in  ft  consequence  of  the  fact  that  in 
each  of  these  pious  the  sene  t'-pe  of  abrasion  is  being  evaluated.  On 
the  other  hand,  the  plots  of  Sand  vs  BFT  (Figure  I4)  and  Tabor  vs  Stoll 
(Figure  5)  do  not  show  as  good  agree:  nt.  which  would  be  an  oxpectcd 
rosult  since  the  instruments  in  oath  of  these  groups  represent  different 
typee  of  abrasive  action.  Stoll  vs  Sand  (Figure  6)  and  Taber  vc  BFT 
(Figure  7)  also  do  not  agree  as  well,  An  ostinatc  of  fho  spread  in 
data  was  Obtained  by  cunning  the  squares  of  tho  distances  of  tho 
individual  points  from  tho  estimated  regression  liny.  While  this  la 
not  statistically  precise,  it  serves  as  a  rough  measure  of  variability 
from  the  straight  lines.  The  sums  of  the  squares  for  the  various 
correlations  aro  presented  in  Table  II, 
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PHYSICAL  FR0PE3TIS  AKD  ABRASION  RgSrTTAKCE  OF 

VARIOUS  SYiilK.TIC  AI  D  BLSKL.SD  FABRICS 
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TABLE  II 


Sums  of  Squares  of  Linear  Deviations  Iron  RofTQSsion  Linos 


BIT 

STOLL 

TABER 

SAND 

BFT 

— 

680  ' 

3360 

1970 

STOLL 

G80 

MwM 

2660 

1590 

TABER 

3360 

2860 

— 

260 

SARD 

1970 

1590 

280 

•— 

For  instruments  that  produce  the  same  types  of  veer  actions,  tho 
sunc  of  iquares  arc  relatively  low,  e.g.  GCO  (BFT  vs  Stoll)  and  280 
(be, rxi  vc  Taber).  For  instruments  that  province  different  types  of  wear 
actions,  the  sums  of  squares  ar'-'  relatively  high,  o.g.  1970  (Sand,  vs 
BFT)  and  3360  (Taber  vs  BFT)*  While  those  data  cannot  bo  accepted  as 
absolute  proof  of  the  similarity  in  mechanisms  of  the  machines  involved, 
they  do  show  a  strong  association  between  the  theoretical  expectations 
and  the  experimental  evidence.  The  fact  that  these  relationships  were 
determined  on  a  rpectrum  of  samples  ranging  as  widely  as  those  did  in 
fiber  composition,  wave  type,  era  weight  anus  some  strength  to  toe 
conclusions  that  are  drown. 

Conclusions 


1,  Abrasion  machines  which  produce  similar  typos  of  wear  actions 
tond  to  correlate  with  each  other  for  a  wide  range  of  textile  fabric 
types. 


2*  Tho  Taber  and  Sand  abradere  which  produco  a  type  of  wear  action 
which  way  bo  described  ao  "abrasive"  correlate  closely  within  rather 
narrow  tolerance  limits. 

3*  Tho  BFT  and  Stoll  abraders  which  produce  a  type  of  wear  action 
which  may  be  described  as  "adhesive*  correlate  closely  within  rather 
narrow  tolerance  limits* 

U,  Instruments  which  produce  different  types  of  wear  actions  do 
not  correlate  as  well* 

Rccopsr.cndations 


1.  It  io  recomendcd  that  the  BFT  nbrader  bo  used  in  lieu  of  the 
Stoll  where  it  id  dcsirod  to  obtain  an  indication  of  "adhesive”  type 
wear*  Evaluations  made  on  the  BFT  should  bo  done  with  both  extracted 

5 


and  unoxtractcd  samples  to  segregate  the' influence  of  the  presence  of 
lubricant  typo  finishes, 

2.  It  is  recommended  that  a  more  detailed  study  be  made  of  both  the 
Sand  ana  Taber  abmderc,  and  possibly  of  other  sbrr.dors  such  an  tho 
Wyzenbcck  ard  tha  Rotary  Impact,  to  determine  whether  an  objective 
ond-point  can  be  worked  out  for  any  of  there  instruments  in  the  interest 
of  having  a  more  precise  tool  for  evaluating  "abrasive"  wear,  which  is 
of  prime  importance  for  combat  and  utility  clothing. 
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MECHANISM  OF  ACTION  OF  ABRADERS 


TYPE  Qf  ABRASION 

■ 

l 

Predominantly  predominantly 


ADHESIVE 

ABRASIVE 

FABRIC 

...  Jt= . . t 

1 

l 

STOLL  FLEX 

FLEX  BAR  | 

, 

FABRIC 

f  . 

{ 
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B.ET.  FLEX  | 

• 

[j  FLEX  CAR  | 

i 

TAOER 


TOP  VIEW  SIPE  VICV> 


ABRASIVE  WHEELS 
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